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Abstract 
The celery and carnation stalk waste returning to soil were carried out to investigate the effectiveness of compound 
microorganism reagent (CMR) on the wastes’ decomposition and N, P, and K release in the soil, when the Chinese 
cabbage was cultivated. The results showed that the celery and carnation stalk returning to soil with the CMR could 
enhance the decomposition and the accumulation of the available N, P, and K in the soil, resulting in increase of the 
Chinese cabbage yield by 34.9% and 32.6% comparing with control. Based on the results, it could be concluded that 
the CMR was effective to the decomposition and N, P, and K release of vegetable wastes and flower stalks, which 
could improve yield of cultured crops. 
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1. Introduction  
In recent 20 years, with the development of vegetables and flowers production in China, a great mass 
of residues was in piles without effective treatment, which led to a serial of environment issues, especially 
water pollution. The increasing generation of these wastes needs environmentally sound, cost-effective, 
and high efficient treatment technologies [1]. Possible uses of these wastes include use as fertilizer and 
soil amendment, energy recovery, and production of chemicals (volatile organic acids, ammonium 
products, alcohol)[2]. N, P and K were rich in vegetable and flower residues with higher water content 
and lower dry matter, which makes their fertilizer utilization more suitable. This way has been 
traditionally recognized as an economical alternative for waste management[2][3][4]. However, the 
traditional ways of using agricultural wastes as fertilizer are without any further treatments before directly 
returning to soil, which will weaken the nutrient release and result in its low effectiveness as fertilizer.  
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Natural decomposition of agricultural waste during the processing of directly returning soil is a 
biochemical transformation of organic materials by natural microorganisms in soil, therefore, the microbial 
varieties, activities, and quantities will affect the fertilizer effectiveness, and prolong the time of the 
process. Recently, compound microorganism reagent, including Bacillus, Clostridium, and Paenibacillus, 
were developed with immobilizing them in special material (diatomite) and stuffed with culture media 
(glucose or sucrose) and freeze-dried into powder. The bacillus, Clostridium, and Paenibacillus, which 
were widely existed in nature soil, have very important functions to the decomposition and translation of 
organic substance in nature environment, especially in the aspects of potassium (K) and phosphor (P) 
release, nitrogen fixation and plant growth-promoting rhizobateria (PGPR)[5][6][7][8]. Therefore, when 
the compound microorganism regent mixed with vegetable wastes or flower stalks before directly returning 
soil, the decomposition will probably be enhanced and result in higher fertilizer efficiency.   
As we know, Yunnan province in southwest of China is the biggest flower production base and an 
important vegetable production area. Pollution of agricultural activities, mainly caused by the discarded 
flower stalks and vegetable wastes, has become an increasing problem to her environment, especially to the 
surface water bodies due to the uncontrolled release of nitrogen (N) and phosphorus (P) from the 
residues[1]. At present, the Dianchi Lake has been heavily polluted of eutrophication, and blue algae 
outbreaks are frequent. The vegetable waste and flower stalks contributed 68.2% and 16.3%, respectively, 
of the total solid waste of non-point pollution sources [1][9][10]. 
In this study, the typical residues of celery and carnation around Dianchi lake were selected for the pot 
culture experiments. The objective of this research is to investigate the effectiveness of compound 
microorganism regent (CMR) including effects on residues decomposition, soil nutrient contents, and 
production of crops.  
2. Materials and methods 
2.1 Crop cultivars and the residues of vegetable and flower  
The vegetable cultivars used for the pot trials were Chinese cabbage {Brassica campestris 
ssp.pekinensis} (Qingdao 83-1) The residues of vegetable and flower were celery and carnation stalk, 
which were collected at the Demonstration Control Area of Dounan Non-point Pollution, Kunming, China. 
The N, P, and K contents of the celery waste and the carnation stalk were presented in Table 1. 
Table 1The compositions of the residues  
Crop 
Residues 
Nitrogen 
(g·kg-1) 
Phosphorus 
(g·kg-1) 
Potassium 
(g·kg-1) 
Water 
Content (%) 
Celery 20.5 6.7 7.4 94.1 
Carnation 14.9 3.9 3.6 82.0 
2.2 Compound microorganism reagent (CMR) 
The main composition of compound microorganism reagent (CMR) was listed as follows: Bacillus 
mucilaginosus (ACCC10013), Bacillus subtilis (ACCC11089), Bacillus cereus (ACCC11108), Bacillus 
circulans (ACCC11078), Bacillus licheniformis (ACCC11080), Bacillus megaterium (ACCC10011), 
Clostridium acetobutylicum (CGMCC1.244), Clostridium pasteurianum (CGMCC1.208), Paenibacillus 
polymyxa (CGMCC1.794), and Paenibacillus macerans (CGMCC1.64).  
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2.3 Soil chemical properties 
The soil used in the pot trials was the top layer (0-20cm) of a paddy soil from the Demonstration 
Control Area of Dounan Non-point Pollution, Kunming. The basic chemical properties of the soil were 
listed as follows: organic matter content of 30.2g·kg-1, total N content of 1.4 g·kg-1, total P content of 0.3 
g·kg-1, total K content of 22.8 g·kg-1, alkali-hydrolyzable N content of 88.3mg·kg-1, Olsen- P content of 8.0 
mg·kg-1, available K content of 83.0 mg·kg-1, and pH of 6.55. 
2.4 Experimental design 
Some 8kg soil, 200g fresh vegetable or flower residues and/or 14 mg CMR were mixed and put in each 
related pot. The residues were chopped into 1-3cm. The 30 days Chinese cabbage seedlings were 
transplanted. The five treatments were CK (no residues + no CMR + Chinese cabbage), A (celery residues 
+ no CMR + Chinese cabbage), Ab (celery residues + CMR + Chinese cabbage), B (carnation residues +no 
CMR + Chinese cabbage), and Bb (carnation residues + CMR +Chinese cabbage). The soil samples were 
destructively taken in triplicate at the date of 0, 5, 10, 20, 35, 55, and 110 days after the transplanting.  All 
the soil samples were analyzed for organic matter content (K2Cr2O7-H2SO4, External heating method), 
available K content (1M NH4OAc lixiviation, Flame photometer method), available P content (Olsen-P 
method), available N content (Conway cell method), total N content (Semi-micro Kjeldahl method), total P 
content (NaOH melting, Mo- Sb- Vc method), total K content (NaOH melting, Flame photometer method), 
and pH (pH meter method). 
2.5 Statistics Methods 
    Analysis of variance and a Duncan’s post hoc test (one-way ANOVA in SPPS, the vision is 14.0) was 
used to determine variances attributable to treatments.  
3. Results and Discussion 
3.1 Effects on the content of available N, P and K in soil  
    In order to investigate the effectiveness of celery waste and carnation stalk returning to soil as fertilizer 
with or without CMR as fertilizer, the Chinese cabbage culture trials were carried out in pots, in which 
the available N, P, and K content in the soil, and the final Chinese cabbage biology yield were determined. 
Results in Fig.1 showed that there was a peak value of available N content of all the treatments of A, 
Ab B, Bb and CK, in which available N content in the treatments of A, Ab, B, Bb increased sharply with 
increase of the days from 0 to 20 days after the Chinese cabbage were transplanted, and obviously 
decreased from 35 to 55 days, and then decreased slowly from 55 to 110 days. Comparing the available N 
content in treatments of A and Ab (in Fig.1 (a)), the content in Ab was higher from 0 to 15 days and 
lower from 15 to 40 days, and it appeared higher than that of A again from 40 to 110 days. As for the 
treatments B and Bb (in Fig.1 (b)), there was a similar trend except that the change points appeared at 
different days which were retarded about 5~10 days. In general, the available N content in the treatments 
of A, Ab B and Bb were higher than that of CK when the Chinese cabbage were transplanted for about 60 
days, after then the content of all the treatments were kept no significant difference. In addition, the 
available N content in the groups of A and Ab were higher than that of groups B and Bb at the period of 
20 to 35 days. 
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Results in Fig.2 presented that the peak value of available P content appeared in 5 ~10 days in all 
treatments of A, Ab, B, Bb and CK, in which available P content increased sharply in the first 10 days 
after the transplant of Chinese cabbage, sharp decreased subsequently from 10 to 20 days, and then 
decreased slowly from 20 to 110 days. Comparing the available P content in treatments of A and Ab (in  
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Figure 1 The available N content in soil 
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Figure 2 (a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 (b) 
Figure 2 The available P content in soil  
Fig.2 (a)), available P contents in Ab were kept no significant different to that of A from 0 to 5 days, and 
20 to 110 days, and was higher from 5 to 20 days. As for the treatments B and Bb (in Fig.2 (b)), the trend 
was same. The peak value of available P content in the treatments of A and Ab were slightly higher than 
those of B and Bb, and all of them were significantly higher than that of CK. 
Results in Fig.3 showed that, the available K content in soil of all the treatments were increased 
rapidly from 0 to 5 days, and decreased from 10 to 110 days, and the peak value occurred during 5 ~ 
10days. Its contents in the treatments of Ab and Bb were no significant difference with A and B from 0 to 
5 days, respectively, and higher from 10 to 110 days. The treatments with celery waste and carnation stalk 
had a higher available K contents comparing with CK.  
The soil nutrient that plants required in greatest quantity is nitrogen. Despite its critical role in plant 
nutrition, nitrogen is absorbed almost entirely in inorganic state, as nitrate or ammonium. However, the 
bulk of nitrogenous materials found in soil or added in the form of plant residues is organic and, hence, 
largely unavailable. The release of the bound element and the mobilization of the vast reservoir of 
organically combined nitrogen are essential to the recycling of nutrient and therefore to soil fertility[11]. 
Furthermore, organic phosphorus in plant residues can not be directly absorbed by plants, which 
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emphasized the role of microorganisms in converting organic phosphorus to inorganic forms[12]. As a 
result, the CMR was added into the chopped celery waste and carnation stalk, which will enhance the 
decomposition of these plants residues and, hence, promote the inorganization (mineralization) of organic 
N and P. As for the K in crop residues, the element is not strongly bound in organic combination so that 
microbial activity is not as critical to release potassium during organic matter breakdown as it is in the 
mineralization of bound nitrogen and phosphorus[13]. The available K may release into soil from celery 
waste and carnation stalk, accompanying with the water release.     
3.2 Effects on the biology yield of Chinese cabbage 
   Fig.4 illustrated the evolution of Chinese cabbage yield in pot trials, when the celery waste and 
carnation stalk were returned into soil as fertilizer. Comparing with the treatment of CK, the Chinese 
cabbage yield of the treatments of A, Ab,  
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Figure 3 The available K content in soil 
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Figure 4 the biomass of Chinese cabbage in pot trials 
B and Bb were enhanced by 37.0%, 84.6%, 30.1% and 68.6%, respectively, and the differences was 
significant (p<0.05). In the case of treatments of A and Ab, there was a significant difference (p<0.05), 
and the significant difference also existed between B and Bb. The difference of Chinese cabbage yield in 
the treatments of A and B, and Ab and Bb were not significant (p<0.05).  
In general, available N, P, and K are the essential nutrients in soil for Chinese cabbage growth, and 
the demand quantity of these nutrition elements is different at different growth stages[14]. When Chinese 
cabbage was in the period of germination stage, the demand of nutrition was relatively less than that of 
rosette stage. Combing to decomposition of celery waste and carnation stalk, the accumulation stage of 
available N, P, and K would appear in the period of the germination stage to rosette stage. After the 
rosette stage, the demand of nutrients will increase sharply and 90% available N, P, and K will be 
absorbed during this stage[15]. As a result, their contents in the soil will decrease sharply. After heading 
stage, the nutrients demand was decreased, therefore, the decrease trend of soil available N, P, and K 
content was slowed down. 
Since the yields of the both treatments with CMR were higher than those of treatments without CMR, 
it could be deduced that the CMR had an indeed function on the decomposition of celery waste and 
carnation stalk. The CMR consequently enhanced decomposition of the residues and the release of the 
available N, P, and K was at appropriate vegetable growth stages. Thus, the crops were able to utilize 
more available N, P, and K in soil, which was evident by the increased yields of Chinese cabbage.   
4. Conclusions  
Directly returning agriculture residues to soil as fertilizer was a good way to utilize the waste in the 
form of resources, which could curtain the cost of residues collection, transportation and treatment. 
Adding CMR into the agriculture residues when they were directly returned into soil could promote the 
available N, P, and K accumulation and result in the yield increase of the cultured crop. Therefore the 
application of CMR could be beneficial for the decomposition of agriculture residues when returned to 
soil as fertilizer. 
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